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(54) LITHIUM SECONDARY BATTERY NEGATIVE ELECTRODE ACTIVE MATERIAL AND 
LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium 
secondary battery negative electrode active material 
that can improve the filling density of an electrode 
plate and has an excellent high-rate charge-discharge 
characteristic and life characteristic. 
SOLUTION: This lithium secondary battery negative 
electrode active material includes a crystalline carbon 
core and an amorphous carbon shell formed on the 
crystalline carbon core. In addition, in the negative 
electrode active material, one or more crystalline 
carbon primary particles 1 are granulated and 
amorphous carbon 2 is applied to their surfaces, and 
substantially spherical particles are included. In the 
negative electrode active material having above 
constitution, there are two differential thermal 
analysis heat generation peaks at a temperature not 
higher than 1000° C. The lithium secondary battery 
including the negative electrode active material can 
use propylene carbonate as its electrolyte. 
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(P.,..*,,.) «*SSHJIt8©**©S6&fc- 
-2{igT-*S8 0 0-c<fc9«i>;mcig8rr-s©r. c 

(shoulder)£&-r,, •€•©*:#>. *?mtCj:Z>i£MM1tt# 

a.wmmvmk e- ? t *£ng jy8©ffef& e - ^ <t ©ra 

10 a^*5-^t/rft2 OO'C. WSKHftlOO -c©a 

ffiM^wr-s. driest t-i'T&i 5 5 0-90 0 

Iftf— ^<t©^gtt(peak intensity ratio)"C*)-2> P 
c .rb„„/P„r..».,.*HyTr&S<i:i*SC}*. r§«ff<fc 
OT<fcg»*lA*f$te*»L-fc. P tlrt ../P t , 

# 1 #gkm&tm<Dm&mztm<>c&^ 
(Dximmthmts: t* ©®tet$tt#<gT -r 3 fe-en** 

o>*^snsB${c«. ^as^s©i%««f-^*59 

20 0 0 -C«±. SS9 6 0 *Cflg-Ci?tt-r-2. C £ *g 

ffiftmximii l &mia<D'm&mcm'- *o >zmtia?z> 

[003 3] fJie©J: 5 sc. *SS^miS©affi(C^H 

■C. ^«^©3@0f€:M^3-a-, 3 6GCt©#iHi«J^ 
©3I>?ffej84>T£. 

[0034] $fc, ^^©filirSgmtt. (110) 
B5£ (002) s©x^mf^SJtr*-s I (110) 

/I (0 0 2) #0. 0 4ttT-C*S<!:C^iB))tt : l:W 
L/. «6JWJK«£ * - tfX h 9 5=: i> 7 (turbostratic)^ 

£&©7V>X-^i/ h nX3t"— (Raman. SpectroscoFv)?S 
mftXibZ, 1 ( 1 360)/! (1 580) 1*0. 3« 
T"C*»3. fuia^S®p^©^-7>X^^ Kn^ntT- 

40 bo. 2va±x*>*>. xwmmx. z-xxv^i-vi' 
mm. tit. ®tbx&\.>mikmjz.wbz l r 

*a«tMaia«L.. ^^f*^^^lSl14(orientatio 

n)4wrs«ig^^tt-rs. 

[ 0 0 3 5 ] C©<t ^ CC. *^©^©?£^l»{*^flgfg 
ftfeomWlXitb S©r . t¥*©Hlg*m€i^a<?; Lt 

ffiffl-r^'j^^A-c^- >r^m?feTB^»©w«^fj« 
so [003 6] -fisucnmmvimtLxmaztizmffl 
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<t o r ^ n tr u > * - sK* 4 V * mm ? *> c t w xz & 

[ 0 0 3 7 ] BP*^ *^^*3C^r^ffiBJtg^^MCD 

[003 8]^ *:^^^c^rffifflDf^^m^HO 
-tf*>f h£ 1 0-5 ofcffi%^&. X^U>#-4-C* 

[0 0 3 9 3 &mi<D*<Dm<Dmmm<D&mmiL± it 

h£5~3 0 f^%^£f <D;Wg 0 < , x*U 

hCDf*«it«:3 : 3 : lX&ZCD&frZHK 
[0 04 0] £*>*C V ^^tCiJl>T^fflpI^^M 
OWS^ibrti, x^U^-tf *^ K >>x^/l, 
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[0041] x&wvteccDJzStemfflgmttc&mzti 

il/f^AfiiU, LiPFs. LiBF 4 , Li As 
F*. LiCF J SO J , L i N (CF,SO,) , , LiB 
F*. LiCl0 4 ^$^Ci^^ 

[0042] rvA^xnmx&mztiZiE 

10 fth<DW&fyK&>*>) . LiMn.O,, LiCoO^ 
LiNiO,, LiMn 2 0«, L i N i «C o t .,O v ( 0 

<x<i, o<y^2) m<D*)*oj*m&&mmit®}$: 

[0043] *mM<DnmR&]EmommfrmtMi¥;<D 
wmxmzwmb, /w>#r-&£**y trxy 

[0 04 4] ^milttetf Z>-te^\s~Z tUXkX— f&O 

^-m^^r^m^tct. m^Jii±(o^ y -fu t* 

- h (di butyl ph thai ate) ^(Dojm^l^mLXmiB^ 

^'JT^'JP^h V^^^co^y-v-v h y ^^^^ 
[0045] *K^^if(D^^#«mrie*:^^(D^, 

SiS^acc <t^ry^^A>r^ > tc^s 

mjj&&£^xmmtt*)*^Aj*>im. v**5aj 
y -?-mmu £*<d y ^ ^ Azi^^fe^^ig-r & c 

[0 04 6] 

[0047] rnmrn i 

50 $n/cr- h7t Kn^^^^tt^^^^^jgL/Co 
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h =y t F a 7 5 f f««Rt/tKI LfciS 

3 o o g £fcAi,;Mg, iua&imi,ximuit. mm 
2t\tc3¥&mt%mmmimm5 o o 
£^Tm%\sT^zmtkmMkmm< l cmi 3g/mi 

mmmmm&e>mmita5 ztutc. mm® 

fte&£5 0 0 r pm«C0T*NMI^IirattJ^Jfl*=»- 

±risas-f c <h «: <t o -c c ft^ta^a^&fB^s -,-cm 

i 5 KSUNfcS ftfc^St£$a& bfcf£. 1 0 0 0 *C-C 2 

[0 04 8] nmw2 

(RttAiS*«©ftt> 0 CCtt&Ptt 1 8 m m-C#>-£> ASSJI 
fc. 

[0 04 9] |«tM3 

KtKAitJIISOftfc 0 immm 1 8 w mf*l,^i 20 

im*±tm&me tim-c*>z&WAim®t&4 ■■ i 
[0050] ntm4 

1814^ 5 Mmr-*^>^fl5Aj&Mi8i*54 : 

mi tmrntcmnbtc 
[oo5i] nmms 

S«ASH4SO«t3 *) K.%lW)W 18«mf*S 3m%k 30 

[oo5 2] nmme 

fEt&U&JM&DftfcQ IC&mm 1 8 a m-C 
ISttT<h^S*i^6um-C*S«t*AjtSiai*i4 : 1 
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[005 3] mmmi 

t> o tc 7 x - y *Mm*ttJi l tc c t imizm&w 6 £ 

[0 0 5 4] HJgW8 

f v ?©tt*> <oici-y*>i> ?*>?mmtei ( P F 

[005 5] Jt^tN 1 
[0 05 6] tb«W2 

ttS#» 1 8 u mV&mKViyimkmiK*:i£Wm± 

bxmmb. mmmi tmmom&z&mb-cmt&j&v 
mmzwi&btc. 

[0 0 5 7] tfc^Wl3 

1 8 umT-3>Z3imm$&&V l %l.m&m6 um-V 
*S«t£AjSjyS<D3 : 2 KSttOig-^J 100g4, 

^ay^^icmmvtcm^mm (iss: 20%) tc 

1 0 0 0 •C-C2Bt^{t3^r^SK^3T£#SS 

^ ivsi*»K:* + ^ 9- * > ^t- r ^mwfc*mm. uyt. 

r. 1ML i PF.^fgtfci^l/y*-^-^ Fi 

1 iCrfkVtc. 
[0058] 
[^1] 
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[005 9] m K^ftT^cfc^fc:, HM#Ji*a> 

[0060] 02 (a) (t7ikutcmmm3<Dm9mm 

ftVtX$>Z>C±&t>frZ 0 £tc. 12 (B) <Dmmw3 

ic^zmmtms <b> <Dttmm2tc£2>&mm#>x 
ci^t'^. twmmtLxmKDfcmz&zt. n 

SfeW 1 U 8 <DHftfe#Jt$£M l iclb^x mtitc 



s. cct\ ^^i4«5oif^^;u?asfemmogM^ 

[006 3]^te«5, Jt«t«2acXJtta«3ri»l/ 

tcmm&ommzm^ztc&ictjkm&ftm (dta) * 
Uttb/c. #iascH«2 oo-iooo'c, mu&&t<t 

Hifi«5©i»^CCtt7 0 O'C^Siir? 0 
0 WtC^Sd: ft* f - * #1 i 7 0 0 °c 

40 m€:^2CC^L//c 0 
[0 0 6 4] 
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[0 06 6] mi&W9 

b 5 fc K a ^ -7 > cc s m& t* * ^ £ feM h X $m L tc jg 

Lfc. t»*jgftgCCtt&#ft 1 8 *x * S^HISS. 10 
C^^»8Mmr*S««AJSIMfi03 : 2MMJt<D 

^a3oogmim !sar?g«ufc 0 has 
^rz^Kjbrc^fjjiBiias^^^^ i 3 g/m 1 no 

(,vr\ H«iK»«: 5 0 0 r p mtcLr^MKMXBfriK 

****** 3 - f- 4 > y s nfctfcwo^eHi^&cjfetwii 

tC0fc o COJ:5fc»^fcStifc««*(WllOA:a«ci 
*fg<bLT. 1 ML i PF 6 ^IU/c4 : 4 : 1 fSS 

7uvu>*-#*j b (om^m^mmm trz'jry 30 

[0 06 7] £ttffl 1 0 
IWStiriML i PF.*»JBl//c4 2. 5:4 

-r b scjf ^ p t* u - ** ^ h ©a^»*« 

[006 8] HJfefll 1 1 
ISltltlML i PF.**»Lfc2 : 2 : lffiM 
Jt<E>x^u>*7~tf*-f K ^^-WOSi^ 

[0069] mmm 1 2 

IWItltlML i PF i **JWUfc4 : 4 : 1 
itS>x^u>*7~#;M K ^^fW-^^hSa' 

[007 0] HJ&ffl 1 3 
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UlMLi PF s ^SKO/c3 6:36:1 
2: 1 6{*SJtOx^u>#-;K*^ K isJ+Jlij- 

[007 1 ] ^Sfe« 1 4 

l)Sig£ltlML i PF.£jgjWtsfc3 : 3 : 4#3H 

Jfc<DX^U>*7-#*-f K ^i*Uo&-#:M 
W9±H*K:»fcLfc. HUfB*JfiW9ttC*L/ 1 4CDm?fe 

(oam^-r * b Lr^coe***3«:so/c. 

[0 0 7 2] tttSM4 

[0 0 7 3] ttmts 

i 8 vm?*>&juiMtBmn&#»Q um-c 

&£«tfcAi£|l§&CD3 : 21iW«10 0 g*. 

Fa77>(C»)SLfcig^SiS 2 0%) 

Aftfcfg. S8ECneflux)SlS3l*raia(fntration)S 
i±/c Q 1 0 0 0 -Cr 2 B#ffl^fcSl*r*£ 

[0074] tmms 

mmmtLxiMLiPF^mmutci : nmtb<o 

[0 0 7 5] JUSWI7 
IMiltlML i PF.t*lWL/fcx^P>*-fK 

A b<D2 : 2 : 1 ttHtt©«^*ttfflOfcC 
H^4 Ofc. 
[0 076] tfc«« 8 
1«?$<!:U1ML i PF,%»jBOfcx^U>*-# 

-f h^2 : 2 : 1 a*Jt©a^»*ftfflUfcC tH^tt 

>7^7^^N-yf;i/fP«j K>5CSft?b/c?g?g 
tc, WBBJt««4&c^8CDrS»K*a^O"C^^y-- 
*«J60fc, c©^^y-***-f^ii«*K:* + x^ 

L/. «;?9A4i*-f ^»fiilt, 1 ML i PF 6 

[0077] 
[S3] 
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[0 07 8 ] ^3CC7S3ftri»£cfc5K: % HS£#J9#l> 
Ul 4tC£ZmW J StetbSkWm&l. 7m I /gfIKr 

W9 1/ 1 4 0^ft#fcb3SM4 ^ ^ 8 ©«*«Ctt^ 

tfHft&^ifcm iacfit«W6«:Jt«iyfctt*. 



. «U»L l 4©*H63&sit|!^4SCX5<cl:t^r3BSS«a* 

[oo8i] mmm 9 iuw ^mrawisa^tt 

ir £ c <h et ~? r(K»«t^c^^tt3Witi*:«**« 
[0082] H^fi?ll 1 5 

/ctS^If§HaT©4 3 0 -cr 1 Ol^nSSttflM 
u *c>r-M!ETr^ia : si//c 0 ;&c>t\ iooo*cr 

2WfflIUWI. IM*Lr*J«ftS*« 1 5-4 0 u 

40 it v f ^ A^ii)tMiKii it l 

hiy^^W - #* ^ h i<0«6«lS:«ffl LX a A > 

imm. ft^MmzmjzuxmiicfjkLtc. c<on. 
-r. 

[0083] mwm 1 6 
so ^tm^ssw 1 5 tmmicmmhtc* 
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[oo84] 1 7 
tamtmtm i 5 tKWKHitufc. 

[0 08 5 ] it ^9 

0, IKIiLTL iPF s , L i C 1 OM<DV 5^ A 

[0086] asm i o 
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30tri OB$IBIfiftiJM&U MS. «ET-Cjfc«fflL 

fc. aa>-c. iooo'cr2WMi, 2 80o°cr 

10 [0 0 8 7 ] RiSttlfl 1 5 0 1 7SO*ttKW9 S 

[0088] 
[«4] 
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[0 08 9 ] BJKa4{C7R3nri^<fc a >(C. gg«60!il 
5ttl>U 1 7«ttS«9SO'l 0 (Ctk^r7tfiWK»*^ 

[009 0] HJSFd 1 8 

*sas^3Rr*^35«siiae i o o & £ 3 0 %<^«6»?g?K 

-CS^(refluxinq) L Trgftft L fc. ftttft 3 ft fc 7^8 

MM 1 0 0 g 4 . ^aws^BMBtfrr* -5 7 x - y ;u 
20%) icmmuxm^Ltc. «rBS^*i?«*u 
0 0 o o ccDMm#®mT-c2B$r^tur^ a m^^ 

>y)ljr~rj K 1 011%MM<!: UN-^f^b* 

p'JF>Mirx7'j-^i/c 0 c^7»;- 

&m*&m Urn -r>Jg^«ft (coin-type half cell) 

[009 1 ] mmm 1 9 

JSatgfctSfidift 1 8 Mmr**5^fiJ!SB2 OOg^rg 



20 mX5 : 2 4 Ltc 0 ^Or, Hfi@fS»* 5 0 0 r p m 
<D^f*M$mi L Z®&mm±X&&Tc±< f cJ:^xcft 

fcSL im&^mm<D 1 o o o 2B$ra«^ffiur:© 

[0 0 9 2 ] HjftW 2 0 

E^»f * ^«fittk:«)Kor^AKI^ffirK»«ffi 

30 <?ajg2o%) zm&utc. c<D#ikmmmmm{mm 
i o o gic3mm&2 o o Rt*«sti:fca. 1000 

[0 0 9 3 ] tkim 1 1 

3tf&m&z<m Lxmt&mm 1 8 <L»nY >^ 

40 [0094] 5tr, «s««<z)ttts»Ji«sR2/*^3&sisa 
mtig4# jungs t ©*w<oj&««r^r s c t ^ri^^ 

ltTAY>XhJM>h (TA instalment) ttCD^R 
»T\ 1 00 0'C^riO °C/m i n <7)3Sg-CS 

B*±»S#**frrjH*L. 5 

[0 0 9 5 ] 7^M!»7>«T^«*r*-5>Sjttf-^*57 0 

so o ■cfctTrmtr a 4 *»»«***ttL . 7 o o -cw 
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[0 09 6] C<7)J;5K. *«>tK«<W«»t-f*«« 

JMMB&ftLT^rtt i o o ox;e*©K<kxar4* 
SIMM fc $ ti tctc&X& z>tmz-t>nz> a 
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[0 09 7] 8ul2^JS^ 1 8 U 2 O&CttktSW 1 1 

[0 09 8] 
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[0099] ±ta^5(c^5^/ccfc^cc, mmmiztsi 

<t S 0 30 

[0 100] Xlfe0l2 1 
iE@rg^Si0rL i Co0^9 4ii%, 

L,Tx^u>*7-#*^ K 

mm&PinsictkPH 8r«fistifcft***jfli 

LTl 8 6 5 0 y^->Ari»C*tt(fun celDSrRigL 
[0101] Htg»|2 2 

[0 10 2] »£0<12 3 

8uia^S&flJ2 l <fcg|«K:ilJ6l/T 'J ^0 A~;K*tt(fui so 



1 cell)*HJSbfc. 

[0103] mmmz 4 

Utc 0 

[0104] mmwz 5 

Ltc 0 

[0105] nt&W2 6 

A h L/cCi « W*flJfEllSt#« 23i IQttCCllfii 
[0106] tt«« 1 2 

[0107] «riamtiM2 i &t» l 2 ea^tkRW 1 2 

Cc, HS£#J2 1 Aj:^12 6(D^?tfe«5tji8c^lf^^^^4 
0 0 Hjtff fcSf*W(BWSp«ccft^r ft 8 0 % 

nmzms o@it!f bfcfMcfflJHSBcm^-cs o%r 



(15) 



11-354122 



27 



28 



*0. ®m&&'J>-?Z>CtWt>frZ>. £fc> #£6601(2 1 
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( B ) «fifiirg ! B?SrS3i& OfcffitS© S E M^T@ 10 
[03] *MUttftMfC J: SSffiSI&Sr© S EM *^"T * 



*@T, *©5"fc (A) tt*rffi?£«m©SEM*^T0. 
(B) f*fi[®g^BrljjSLA:ffi«©SEM4^-r0 
[04] *l£BB©l|jte«a|iit^Wk:^ffll/te^gf£^»® 
©*Mf&5>&r*§S£^-f0 

[0 5] ^^©H^itb^piItCi-S'J^^A-^S 
rtfe©Sr^tt*^-T0 
[??#©SiBB] 
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2 #AfrR3R 
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